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(57)Abstract: 

PURPOSE: To obtain a semiconductor element having a 
conductivity type other than an N+ or consisting of a cubic 
crystal other than a hexagonal crystal by a method wherein the 
element is provided with a single crystal BP layer and a 
GaxAI1-x-yN (0<x<1) epitaxially grown layer, which is formed 
on the surface of the BP layer and has a specified thickness. 
CONSTITUTION: Diborane-phosphine gas is sprayed on an Si 
substrate 1 1 having the face (100) as raw gas, a hexagonal 
crystal BP layer 12 is grown in a thickness of 2/i m, a 
temperature and a pressure are kept intact, a trimethyl gallium 
and an ammonia are sprayed on the surface of the layer 12 and 
a GaN layer 1 3 is grown in a thickness of 1 U m. Moreover, as a 
result of a measurement of holes in the hexagonal crystal GaN 
layer 1 3, an N- conductivity having a carrier concentration of 1 
x 1016/cm3 and a hole mobility of 150cm2/Vsec is shown. As 
the conventional GaN film has an N+ conductivity and has a 
carrier concentration of 1 x 1019 to 1 x 1020/cm3, the layer 13 
results in being able to remove specially N atomic holes. 
Accordingly, a cubic crystal suitable for recombination of 
carriers is used for a luminous layer, a hexagonal crystal is 
used for other layers and the like and the proper use of various 
crystal structures can be made. 



LEGAL STATUS 

[Date of request for examination] 1 1 .03.1 999 

[Date of sending the examiner's decision of rejection] 1 1 .06.2002 
[Kind of final disposal of application other than the 
examiner's decision of rejection or application 
converted registration] 

[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiner's decision of 
rejection] 

[Date of requesting appeal against examiner's decision 
of rejection] 

[Date of extinction of right] 

BEST AVAILABLE COPY 




http://www19.ipdl.ncipi.go.jp/PA1/result/detail/main/wAAAC7aOzcDA405283744P1.htm 



06/11/10 



. JP.05-283744.A [CLAIMS] 



1/1 ^-v 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation! 

• ■ 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 

[Ctatm(s)] ~~~~ 
[Claim 1] The semiconductor device characterized by the thing which was formed in the front face of a single 
crystal BP layer and this BP layer, and which possess the epitaxial growth phase of Gax A11-x N (0<=x<=1) of 
the thickness more than 500A at least. 

[Claim 2] The semiconductor device characterized by providing a single crystal BP layer and the epitaxial 
growth phase of Inx Gay aluminum1-x-y N (0< x<=1, 0<=y<=1) formed in the front face of this BP layer. 
[Claim 3] The semiconductor device characterized by providing the buffer layer of a single crystal ZnO, and 
the epitaxial growth phase of the semi-conductor which uses as a configuration element the nitrogen formed in 
the front face of this buffer layer. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the semiconductor device which has the epitaxial growth 

phase which improved and formed furring. 

[0002] 

[Description of the Prior Art] Conventionally, nitrogen is included in the semiconductor material which is 
possible as an ingredient for the object for short wavelength light emitting devices, and environmental-proof 
semiconductor devices as a V group. The III— V group semiconductor material, for example, GaN, has been 
considered. However, since nitrogen dissociation pressure is high to the degree of pole, N atom falls out in the 
process of vapor growth, therefore this GaN is n+. It becomes a mold and is n. - Other conductivity types, 
such as a mold, an I-beam, and p mold, were not able to be formed. Moreover, by the approach currently 
performed conventionally grown up on the sapphire with which the difference of a lattice constant reaches to 
10% or more, or a cubic SiC front face, only the hexagonal semi-conductor which is a stable crystal mold could 
be formed, it compared hexagonal, and although it was unstable, the cubic semi-conductor with which the 
application to the luminous layer of a light emitting device etc. is expected was not able to be created. 
[0003] Such a problem was a common problem looked at by the ingredient with a comparatively large band gap 
of the system of Inx Gay aluminum1-x-y N (0<=x<=1, 0<=y<=1) called not only GaN but AIN(s) other than this, 
InGaN. GaAIN, InGaAIN, etc. 
[0004] 

[Problem(s) to be Solved by the Invention] With the approach of growing up Inx Gay aluminum1-x-y N 
(0<=x<=1, 0<=y<=1) on conventional sapphire and a SiC front face as described above, it is n+. There was a 
problem that neither the semi-conductor of conductivity types other than a mold nor the cubic semi- 
conductor except hexagonal could be created. 

[0005] then, the 1st invention — Gax Aly N (0<=x<=1) — an ingredient — n+ It aims at offering the 
semiconductor device which has the semi-conductor layer of conductivity types other than a mold, or a cubic 
semi-conductor layer except hexagonal. 

[0006] the 2nd invention — Inx Gay aluminum1-x-y N (0< x<=1, 0<=y<=1) — an ingredient — n+ It aims at 
offering the semiconductor device which has the semi-conductor layer of conductivity types other than a 
mold, or a cubic semi-conductor layer except hexagonal. 

[0007] Generally the 3rd invention N atom moreover, as one of the configuration elements the ingredient 
(0<=x<=1, 0<=y<=1), for example, Inx Gay aluminum1-x-y N, which cannot obtain a crystal small [ at **** of 
growth ] the ingredient and lattice constant from which N atom depletion has been a problem and good owing 
to the grid mismatching for it — a semi-conductor layer with the sufficient crystallinity about an ingredient — 
Or it aims at offering the semiconductor device which has a cubic semi-conductor layer except hexagonal. 
[0008] 

[Means for Solving the Problem] In order to attain the above-mentioned object, the 1st invention offers the 
semiconductor device characterized by providing a single crystal BP layer and the epitaxial growth phase of 
Gax aluminum1-x-y N (0<=x<=1) more than at least 500A (it is described as Following A) formed in the front 
face of this BP layer. 

[0009] Moreover, the 2nd invention offers the semiconductor device characterized by providing a single crystal 
BP layer and the epitaxial growth phase of Inx Gay aluminum1-x-y N (0< x<=1, 0<=y<=1) formed in the front 
face of this BP layer. 

[0010] About especially the Gax aluminum1-x N (0<=x<=1) system ingredient concerning the 1st invention, the 
crystal structure is single, since it becomes the film stabilized by the conductivity type, the thickness more 
than 500A is required, and it is good that it is more than 1000A preferably. 

[0011] Moreover, the 3rd invention offers the semiconductor device characterized by providing the buffer layer 
which consists of ZnO, and the epitaxial growth membrane layer which consists of a semi-conductor which 
uses as a configuration element the nitrogen formed in the front face of this buffer layer. 
[001.2] Moreover, BP layer here and a ZnO layer are 1x108 / cm2 f when a crystal front face is etched in 
addition to the perfect single crystal of a defect which is not, although it was required to be a single crystal. 
The single crystal with which some polycrystals of extent which can find out the pit resulting from the 
following defects were mixed is also included. 
[0013] 
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[Function] When forming a crystalline good thing as a thin film adopts a single crystal BP layer or a ZnO layer 
as furring of the epitaxial growth phase of difficult Inx Gay aluminum1-x-yN (0<=x<=1, 0<=y<=1), the grid 
mismatching between a substrate and a growth phase can be eased, and it becomes possible first to obtain 
the crystal of high quality with few defects. And it became clear by experiment that it is possible to press 
down more N atom hole of Inx Gay aluminum1-x-yKl (0<=x<=1, 0<=y<=1) by using BP layer or a ZnO layer for a 
substrate. n+ which originates in lack of N«atom under crystal by this Mold-ization is suppressed and it is n+. n 
molds other than a mold, n - Formation of semi-conductor layers, such as a mold, an I-beam, and p mold, was 
attained. Furthermore, depending on growth conditions, formation of a cubic semi-conductor layer was 
attained by using BP layer for a substrate. 
[0014] 

[Example] The example of this invention is explained to a detail with reference to a drawing. Drawing 1 is the 
1st example of this invention. 

[0015] first, the Si substrate 1 1 top of a field (100) — as material gas — diboron hexahydride (B-2 H6) 1x10-6 
mol/min Phosphoretted hydrogen (PH3) 5x10-4 mol/min the BP layer 12 hexagonal on condition that the 
blasting growth temperature of 1200 degrees C, and growth pressure 0.1 atmospheric pressure — MOCVD — 
2 micrometers was grown up by law. Subsequently, it changes into a condition as it is, and growth temperature 
and a growth pressure are trimethylgallium (TMG) 1x10-6 mol/min and ammonia (NH3) 1x10-3 mil/min on this 
BP layer 12 front face. 1 micrometer of blasting GaN layers 13 was grown up. In this way, as a result of 
performing hole measurement of the formed hexagonal GaN layer 13, it is n of 1x1016/of carrier concentration 
cm 3, and 150cm 2 of Hall mobility / Vsec. - It turned out that mold conduction is shown, the GaN film which 
grew on conventional sapphire — the so-called n+ a mold — it is — carrier concentration — 1x1019 to 
1x1020-/cm3 it is — since — compared with this, as for the GaN layer 13 of this example, it turned out that 
N atom hole was boiled markedly and it has removed. 

[0016] Thus, it is considered to be the following reasons by adopting BP layer as a substrate that reduction of 
the defect of GaN which is one example of a Gax aluminum1-x N (0<=x<=1) epitaxial growth phase was able to 
be aimed at. That is, the hexagonal lattice constant of BP is 4.54A and others. Compared with a group III— V 
semiconducter, the difference of bond length with GaN is only 0.5% small. And BP can grow up a semi- 
conductor with the lattice constant it is chemically stable high-melting and small in the inclination for growth 
temperature to be high, on BP layer. Thereby, the crystal of high quality with few defects is considered to 
have carried out a certain work which controls the omission of N atom. The epitaxial growth phase of GaN 
serves as ****** and a cubic also with the crystal structure single in the thickness more than 500A, although 
there are many defects and they can become the semi-conductor of the stable crystal structure easily in 
response to the effect of the crystal structure of a substrate neither by 100A nor about [ 200A ] thickness, 
and it becomes the film which the conductivity type was also stabilized and was excellent. 
[0017] Drawing 2 shows the 2nd example of this invention, the same conditions which show this sample to the 
1st example — an epitaxial growth phase and MOCVD — it created by law. Although it could carry out like the 
1st example in the following examples, the same part attached the same number and omitted detailed 
explanation. 

[0018] First, it is diboron hexahydride (B-2 H6) 1x10-6 mol/min as material gas on the Si substrate 11 of a 
field (100). Phosphoretted hydrogen (PH3) 5x10-4 mol/min 2 micrometers of blasting BP layers 12 were grown 
up. 

[0019] Subsequently, magnesium cyclopentadienyl (CP2 Mg) optimum dose was sprayed on this BP layer 12 
front face as trimethylgallium (TMG) 1x10-6 mol/min, ammonia (NH3) 1x10-3 mol/min, and a dopant, and 1 
micrometer of GaN layers 21 was grown up. The GaN layer 21 of this Mg dope showed p mold conduction of 
1x1016/of carrier concentration cm 3, and 150cm 2 of Hall mobility / Vsec. The GaN layer of the conductivity 
type of p mold was able to be obtained by this approach. 

[0020] In this example, since Mg was doped, the GaN layer became p mold, but if this Mg doping is not 
performed, it is possible to form what presents the conductivity type of others which are called an I-beam 
with an intrinsic semiconductor. 

[0021] Although the above examples [ 1st and 2nd ] mentioned and explained GaN as Gax aluminum1-x N 
(0<=x<=1), it is possible to carry out GaAIN, AIN, etc. similarly instead of GaN. Sequential explanation is given 
in the following examples. 

[0022] Drawing. 3 is the 3rd example of this invention. AIN with a still larger band gap was grown up by the 
same approach from GaN. In this case, there is 4% of differences of bond length with BP. 1 -micrometer AIN33 
was obtained by replacing TMG with TMA in the 1st example. Similarly a substrate is St (100) and growth 
temperature made 1 micrometer/hr 1300 degrees C, growth pressure 0.1 atmospheric pressure, and the 
growth rate. Generally, AIN is high resistance soon at an insulator, and. as for it, N atom hole in AIN is 
considered as the cause. For this sample, carrier concentration is 1x1018-/cm3. It was, conductivity was 
presented at least and, moreover, it was n mold of low resistance. This is considered because N atom hole is 
pressed down enough. 

[0023] Next, the 4th example is explained. Drawing 4 is the example which produced the light emitting diode 
(LED) of single hetero structure using the pn junction of the ingredient of a 3 yuan system of GaAIN. The Si 
dope n mold BP layer (2x1017-/cm3) 42 at the growth temperature of 1200 degrees C on an n mold Si 
substrate (not shown) 3 micrometers. Sequential growth of the 3 more micrometers undoping aluminum0.3 
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Ga0.7 N layer (n mold -1x1017-/cm3) 43 and the 3-micrometer Mg dope aluminumO.1 Ga0.9 N layer (p mold - 
2x1016-/cm3) 44 was carried out, and pn junction was formed. Furthermore, 0.5 micrometers (p mold - 
5x1017-/cm3) of Mg dope BP layers 45 were grown up as a contact layer, mechanical polishing and etching 
removed Si substrate, and the In electrode 46 was set to installation LED. 

[0024] In this way, obtained LED is 10mcd Blue luminescence was obtained, if such an approach is used, also 
in GaAIN, it becomes producible, and rather than the conventional thing, brightness will boil LED of high quality 
markedly and will improve. Furthermore, the 5th example is explained. 

[0025] If Si is used for a substrate and a front face uses the wafer of a field (100), the epitaxial film with which 
BP layer which grows up to be the front face made the field (100) parallel with the front face of a substrate 
will grow, and a field will grow up [ the wafer front face of Si ] to be parallel on the surface of a substrate in a 
field (1 1 1) (1 1 1). It may be possible for this to control the crystal structure of the semi-conductor which 
grows on a field. For example, as shown in drawing 5 , when growing up InGaAIN (especially a presentation is 
not specified) on the BP layer 12, cubic InGaAIN53 grows on the BP layer 12 by setting field bearing of Si 
substrate to (100), making substrate temperature into 550-800 degrees C, making 0.5 micrometer/hr and 
temperature into lowness for a growth rate, and making a growth rate later again. When the property of 
InGaAIN53 of this undoping was investigated, carrier concentration was 1x101 6-/cm3, and 200cm 2 of Hall 
mobility / Vsec. Thus, when cubic InGaAIN grows, the distorted layer with the same cubic BP which is not is 
producible. And it is very expectable by introducing p mold dopant as a new 4 yuan system ingredient — a 
quality p type semiconductor can be obtained. When the substrate [ on the other hand / (1 1 1) ] was used, it 
became clear that hexagonal GaN with which a cubic is not mixed to near the interface of under 500A grows 
by the experiment which this invention persons conducted. Using the cubic which was suitable for 
recombination of a carrier in the light emitting device at the luminous layer also from this, although it is thick 
in other cladding layers and contact layers, formation carries out using easy ****** etc. and proper use of the 
various crystal structures can be performed. For this reason, the degree of freedom of a device design 
improves. 

[0026] Moreover, since an InGaAIN system semi-conductor can be continuously changed to the large 
ultraviolet field from orange by changing the ratio of In, Ga, and aluminum, its degree of freedom of a design 
increases also in this point. 

[0027] Here, although InGaAIN was explained, it can be similarly used [ ****** ] instead of being InGaAIN 
since the property on physical properties is near also about other Inx Gay aluminum1-x-yN (0<=x<=1, 
0<=y<=1), for example, InGaN, and InAIN. 

[0028] Drawing 6 j s t p, e g tn examp | e> it j s the example which the sapphire substrate 61 was used [ example ] 
instead of Si substrate, and carried out sequential growth of the buffer layer 12 of BP, and the undoping 
GaAIN film 63 on the front face. Although the whole of the 5th example used Si substrate, it may use this 
sapphire of the ingredient which contains aluminum instead of Si substrate, and the substrate of an alumina in 
each example. Moreover, depending on BP, SiC with a comparatively near lattice constant, and an atomic 
plane, they are Ti02 with a near lattice constant, and MgF2. Even if it uses, as compared with the former, the 
undoping GaN of an epitaxial film with few defects, for example, low carrier concentration, is obtained. In these 
substrates, it is expected from a series of experiments which perform various processings to the substrate 
which this invention persons performed that a thing whenever feebleminded will be obtained more if even a 
surface damage layer is removable with processing. In addition, it is also effective to use organic metals, such 
as triethyl boron and trimethyl boron, for growth of BP layer as a boron raw material. Moreover, in order to 
make lattice matching still better, it is also possible to mix Ga, aluminum, In, As. and Sb and to change a lattice 
constant. Even if it uses triethylaluminum (TEA) as triethylgallium (TEG) and an aluminum raw material as a Ga 
raw material, it can completely carry out similarly. It is also possible by permuting a part of N of a 
semiconductor material by As and Sb in the above example to press down N atom for a hole more. LED which 
is the 7th example of this invention is explained using drawing 7 . 

[0029] 1 micrometer of ZnO buffer layers 72 (undoping) is formed on the ZnO substrate 71. It is the n mold 
Ga0.8 In0.2 N layer 73 (an Si dope [ undoping or ]) on it 1x1016-1x1019cm-3 [ 3-micrometer ], 1x1017cm-3 
[ for example, ], are formed, and 2 micrometers of p mold Ga0.8 In0.2 N layers 74 (Mg dope and 1x1016- 
1x1019cm-3, for example. 1x1017cm-3) are formed on it. 

[0030] It forms by the MOCVD method and each class is NH3 as a raw material. 1x10-3 mol/min. Ga3 (C two 
H5) 1x10-5 mol/min and In(CH3) 3 1x10-6 mol/min and C02 1x10-5 mol/min and Zn3 (CH3) 1x10-6 mol/min 
It grew up by introducing. For substrate temperature, the total flow of 700 degrees C, pressure 75torr, and 
material gas is 1 Wmin. It carried out. Si was used for n mold and Mg was used for p mold at the dopant. Si 
doped the silane (SiH4) from Mg mixing magnesium cyclopentadienyl (Cp2 Mg) in material gas, respectively. 46 
is an electrode. 

[0031] NH3 which is a raw material here at growth of GaN Since decomposition temperature is high, it has 
been believed that an elevated temperature 1000 degrees C or more is required. However, according to 
research of this invention persons, it is NH3. It became clear that an elevated temperature is not necessarily 
required for decomposition. The temperature of 1000 degrees C or more is the optimum temperature at the 
time of growing up on the silicon on sapphire usually used, and the optimal growth temperature exists in 
growth of GaN according to the class of substrate which grows. That is, when grid mismatching with a 
substrate is large, in order to ease the effect of a stacking fault elevated-temperature growth is needed, but 
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in using the substrate which carries out lattice matching, low dental-curing length becomes possible, then, if 
low dental-curing length will become possible if the optimal substrate can be chosen, and low dental-curing 
length becomes possible, an impurity will incorporate — also having — it can stop. 
[0032] It has the crystal structure of the same wurtzite mold (one of the crystal structures of hexagonal 
system) as GaN, and a lattice constant is 3.250A and ZnO's is dramatically as near as 3.1 89A of GaN. A band 
gap is 3.2eV. Then, the grid mismatching with a substrate is suppressed to 2% or less by growing up GaN on 
ZnO. Furthermore, it becomes possible by adding In to plan grid mismatching with a substrate. 
[0033] However, even if it uses a substrate with a how much near lattice constant, when the condition on the 
front face of a substrate is bad, it is H2 at the time of temperature up. Since it will be exposed to inside, 
oxygen will be set to H2 0 and it will escape from a substrate front face. Therefore, in a substrate front face, 
oxygen cannot become insufficient, and it cannot obtain the crystalline array on the good front face of a 
substrate. 

[0034] As shown in this invention, once it grows up a ZnO buffer layer into a ZnO substrate, by growing up a 
GaN layer, on a pure ZnO front face, it becomes possible to grow up a GaN layer, and the merit that a lattice 
constant is near can be employed enough efficiently. Since a GaN layer turns into few good layers of N atom 
hole by this, GaN of not only n mold but p mold can be formed, and LED with the PN junction of GaN can be 
formed. The condition of having embedded the LED chip by this example at drawing 8 in the resin case 82 
which served as the lens is shown. 83 is an internal lead and 84 is an external lead. 

[0035] LED by this example was embedded in the resin case, and blue luminescence of about 5 mcd(s) was 
checked. As for this effectiveness, the gap of **0.5% of range or field bearing of a substrate was fully obtained 
for the gap of lattice matching with a substrate in **5% of range. In addition, it is also possible to change a 
band gap, adding aluminum to GalnN and maintaining a lattice constant at it. Drawing 9 is the outline sectional 
view of LED of the MIS mold which is the 8th example of this invention. 

[0036] The ZnO buffer layer 72 and 3 micrometers of n mold Ga0.8 In0.2 N layers 73 (undoping or Si dope, and 
1x1016-1x1019cm-3, for example, 1x1017cm-3) are formed on the ZnO substrate 71, and the high resistance 
section 91 is formed in the part. 46 is a metal electrode. Few good GalnN layers of N atom hole can be formed 
by this example, and LED of such an MIS mold can also be offered. Drawing 10 is the sectional view of the 
semiconductor laser equipment which is the 9th example of this invention. 

[0037] The ZnO buffer layer 72, the n mold Ga0.8 In0.2 N buffer layer 101, the n mold Ga0.8 In0.2 N cladding 
layer 102, the undoping Ga0.8 In0.2 N barrier layer 103, and the p mold Ga0.8 In0.2 N cladding layer 104 are 
formed on the ZnO substrate 71, and the n mold Ga0.8 In0.2 N current-element layer 105 and the p mold 
Ga0.8 In0.2 N contact layer 106 are formed on it. 46 is a metal electrode. Thus, the semiconductor laser for 
short wavelength with an n mold GalnN layer can also be offered. Drawing 1 1 is the outline block diagram of 
the bipolar transistor which is the 10th example of this invention. 

[0038] The ZnO buffer layer 72, the undoping Ga0.8 In0.2 N buffer layer 111, the n mold Ga0.8 In0.2 N 
collector layer 112, the p mold Ga0.8 In0.2 N base layer 113, the n mold Ga0.8 In0.2 N emitter layer 114, and 
the n mold Ga0.8 In0.2 N emitter contact layer 1 15 are formed on the ZnO substrate 71. 46 is an electrode. 
Since GalnN of n mold or p mold can be formed, this appearance can be provided also with the bipolar 
transistor of complicated structure. 

[0039] In the example which used ZnO of a more than for the buffer layer, although Inx Gay aluminum 1-x-y N 
(0<=x<=1, 0<=y<=1), such as GaN and GalnN, was chosen as film formed on this, the compound semiconductor 
of other nitrogen content which N electron hole generates may be chosen and used for instead of [ these ]. 
Effectiveness is greatest when the band gap for which light can be emitted blue chooses a large compound 
semiconductor with a small lattice constant especially. In addition, in the range which does not deviate from 
the meaning, this invention can deform variously and can be carried out. 
[0040] 

[Effect of the Invention] It is n about the thin film for which the crystal growth of the high quality of InxGay 
aluminum1-x-y (0<=x<=1, 0<=y<=1), such as GaN and AIGaN, was difficult according to the above-mentioned 
configuration as explained in full detail above. - Desired conductivity types, such as a mold, an I-beam, and p 
mold, or the semi-conductor layer of not only ****** but the cubic crystal structure can be offered. Thereby, 
the degree of freedom on a semiconductor device design can be improved. Therefore, the application to the 
short wavelength light emitting device using this etc. is possible, and the contribution to data processing 
industries, such as a display and optical communication, is size very much. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing Jj The sectional view of the wafer which grew up BP buffer layer and grew up Undoping GaN on Si 
substrate which is the 1st example of this invention. 

[Drawing 2] The sectional view of the wafer which grew up BP buffer layer and grew up GaN of Mg dope on Si 
substrate concerning the 2nd example of this invention 

[Drawing 3] The sectional view of the wafer which grew up BP buffer layer and grew up Undoping AIN on Si 
substrate concerning the 3rd example of this invention. 

[Drawing 4] The sectional view of the single heterojunction mold LED which consists of GaAIN created through 
BP buffer layer concerning the 4th example of this invention. 

[Drawing 5] The sectional view of the wafer which grew up Cubic InGaAIN on BP buffer layer on Si substrate 
(100) front face concerning the 5th example of this invention. 

[Drawing 6] The sectional view of the wafer which grew up GaAIN on the sapphire substrate concerning the 
6th example of this invention. 

[Drawing _7] The sectional view of LED concerning the 7th example of this invention. 

[Drawing 8] Drawing which embedded the LED chip concerning the 7th example of this invention in the resin 
case. 

[Drawing 9] The sectional view of LED concerning the 8th example of this invention. 

[Drawing 10] The sectional view of the semiconductor laser equipment concerning the 9th example of this 

invention. 

[Drawing 1 1] The sectional view of the bipolar transistor concerning the 10th example of this invention. 
[Description of Notations] 

11 — Si substrate 

12 — BP layer 

13 — Undoping GaN layer 
21 — Mg dope AIN layer 
33 — Undoping AIN layer 

42 — n mold BP buffer layer 

43 — n mold GaAIN layer 

44 — p mold GaAIN layer 

45 — p mold BP contact layer 

46 — Electrode 

61 — Sapphire substrate 
63 — GaAIN layer 

71 — ZnO substrate 

72 — ZnO buffer layer 

73 — n mold Ga0.8 In0.2 N layer 

74 — p mold Ga0.8 In0.2 N layer 

81 — LED chip 

82 — Resin case 

83 — Internal lead 

84 — External lead 

91 — High resistance section 

101 — n mold Ga0.8 In0.2 N buffer layer 

102 — n mold Ga0.8 In0.2 N cladding layer 

103 — Undoping Ga0.8 In0.2 N barrier layer 

104 — p mold Ga0.8 In0.2 N cladding layer 

105 — n mold Ga0.8 In0.2 N current blocking layer 

106 — p mold Ga0.8 In0.2 N contact layer 

1 1 1 — Undoping Ga0.8 ln0.2 N buffer layer 

1 1 2 — n mold Ga0.8 In0.2 N collector layer 

1 13 — p mold Ga0.8 In0.2 N base layer 

1 14 — - n mold Ga0.8 In0.2 N emitter layer 

115 — n mold Ga0.8 In0.2 N emitter contact layer 
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